Supplementary material: Spatial ICS
To determine if there is any cooperation between motors or motor clusters in their binding location on a MT during tube formation, we examine spatial fluorescence correlations. The normalized autocorrelation function, H(ρ), for spatial correlations in the measured signal F (r) along the membrane tube is described as:
To determine F (r) we extend a line along the length of a membrane tube, not extending into the vesicle nor into the tip region. We determine the intensity profile along this line at each point in time and determine if there is any spatial correlation in the fluorescence signal along the tube, H(ρ). The point spread function of the microscope can be described as:
where σ is the width of the point spread function. In our experimental setup σ = 110nm. We fit the spatial autocorrelation curves with the autocorrelation for the point spread function and find the values of σ are comparable. The value of σ from the spatial correlation for processive motors is 199 ± 9nm and 149 ± 6nm for the nonprocessive motors. The comparable σ values imply that there are no spatial correlations so that motors do not artificially aggregate nor show preferential binding regions on the MT. Supplementary material: Simulated data to support the use of a 1-D model for ICS In order to verify that a one-dimensional approximation is a reasonable assumption when analyzing our data, we simulate data for both nonprocessive and processive motors in membrane tubes. In the case of the nonprocessive motors, Processive motors accumulate as they walk towards the tip of a membrane tube. c) Space-averaged temporal autocorrelation of the nonprocessive motors in the kymograph of (a). The curve is fit with the 1-D model autocorrelation curve for a system with a single diffusive species, shown in grey. The diffusion constant extracted from this model is in agreement with the diffusion constant used in the simulations. d) Space-averaged temporal autocorrelation of the processive motors in the kymograph of (b). The curve is fit with a 1-D model autocorrelation curve for a system with a directed motion (gray line). The velocity from t V is in agreement with the velocity used in the simulations.
we allow motors to diffuse at the MT-membrane tube interface with a known diffusion constant D. Fig. 2a shows an example of the resulting kymograph for a tube formed by nonprocessive motors. The resulting, spatially averaged, autocorrelation curve over time is shown in fig. 2c (black line) . The curve is well-fit by the 1-D model autocorrelation curve for a system with a single diffusive species, shown in grey. The diffusion constant extracted from the fit is the same as the diffusion constant used in the simulations: for simulations where D = 0.160µm 2 /s, the resulting value from the autocorrelation curves give D = 0.164 ± 0.017µm 2 /s (n = 3). Processive motors walk towards the tip of a membrane tube, along a microtubule with a velocity, V . Fig. 2b shows an example kymograph from a simulation of processive motors walking towards the tip of a (non-moving) membrane tube. Motors accumulate and walk towards the tip (in the direction of the arrow on the left). The black line in fig.2d is a plot of the temporal autocorrelation curve, averaged over space. The fluctuations in the signal at longer timelags arise because the times at which motors pass through a point can appear correlated. These fluctuations, however, oscillate around 1 and do not change the fit at lower timelags. The curve is fit by the 1-D autocorrelation curve for a system with a directed motion, shown in grey. The velocity from the model fit matches the velocity used in the simulations: for simulations where V = 1000nm/s the value from the autocorrelation curves yield V = 973 ± 60nm/s (n = 3). Fig. 3 shows an example of data traces acquired during a FRAP experiment. These traces are: the background signal (background), the signal along the entire tube in addition to the bleached region (entire tube), and the signal from the bleached area itself (bleached region). To simplify the analysis of our data, we normalize the raw data before fitting the data to extract diffusion times. Initially, the background signal is subtracted from all the other signals (entire tube and bleached region). From the background-subtracted "bleached region" signal, we determine the diffusion times for a region in the middle and at the tip of a membrane tube (derivation described in detail in the supplementary material).
Supplementary material: Analysis for FRAP
The fraction of fast-moving fluorescent particles from the background-subtracted signals is determined using the following relationship:
The value of A, the fast-moving fraction, is a measure of how many particles are free to move on the timescale of one of our experiments. The value can be small either because dark particles slowly leave the bleached region so that fluorescent particles may not enter the region or that other fluorescent particles are also slow to enter the bleached region. Both cases are caused by the same behavior: low mobility of the fluorescent particles (motors). The error in A discussed in the text is calculated by examining the deviation of the signal from the mean both before and after the bleach pulse.
Figure 3: Raw FRAP data Proper normalization of a fluorescence recovery curve requires a sample of the background signal (background), the signal along the entire tube in addition to the signal in the bleached region (entire tube), and the signal of the bleached area (bleached region). The background signal is subtracted from the signal in the bleached region and the entire tube so that the data is normalized for acquisition bleaching. Then, the fast-moving fraction of molecules, A can also be calculated from the data in the figure according to eq. 2.
